Abstract: Combined linear-Viterbi equalizer (CLVE) is a term often used for a class of digital receivers reducing the complexity of the Viterbi detector by assuming an approximate channel model together with linear pre-equalization of the received data.
INTRODUCTION
are often referred to as combined linear-Viterbi equalizers (CLVEs), see [I, 3, 4, 5, 6, 21. Other classes of receivers addressing the same complexity problem can be found in e.g. (10, 11, 12, 131. In this paper we focus on CLVEs.
When designing CLVEs it is often desirable to minimize the bit error rate of the receiver. The bit error probability depends on the design parameters, such as the channel model and the impulse response of the prefilter, in a complicated and non-linear way. The prefiltering of the received data perturbs the signal space and colours the channel noise. Ignoring this colouring or giving the VA an approximate channel model result in a displacement of the decision regions from their optimal locations, cf. the residual ISI in [14] . Instead of using the bit error rate as a design criterion, other more feasible criteria are used in CLVE design methods
In this paper we investigate the performance of a minimax CLVE design. Three other principal techniques for designing CLVEs [3, 4, 61 are also overviewed and compared.
[L 3, 4, 5, 6, 21.
The Maximum Likelihood Sequence Detector (MLSD)
2 THE TRANSMISSION SYSis a procedure for estimating a sequence of bits from a sequence of channel output observables, given a TEM MODEL model of the communication system. In the presence of intersymbol interference (ISI) the Viterbi algorithm (VA) provides an efficient way of computing the MLSD 17, 8, 91 . However, the VA still becomes impractical A continuous time model of a transmission system as described in [7] may, without information loss, be represented by a discrete time model as in Fig. 1 
CLVEDESIGN
The performance evaluation of the CLVEs in this paper is performed on block transmission systems. but historically the design methods have focused on continuous transmission systems and VAS with infinite horizon, z. e. {b,}Z-,. To relate to existing methods, we have chosen to confine the development of the manamax design to a criterion based on sequences of infinite length. Some remarks on CLVE design for block transmission systems can be found in section 5.
A design model is presented in Fig. 2 , cf.
[6] where q is the deszred zmpulse response (DIR), 2.e. the channel model given to the VA If the time delay, modelled by the filter d , is zero, the system is equivalent to the one found in In the presence of noise, the matrices A and B are positive definite, so the minimum of ( 3 . 6 ) , with respect to p, is obtained if 
A SELECTION OF PREFILTER DESIGNS

p = p o =AP1HTWTWDq,
The error E,, in Fig. 2 , can be expressed as with a residual error of 11q11b.
The most straightforward design approach is to assume W = I , i.e. a uniform weighting of the residual ISI, and to find the global minimum of (3.6) by using There are other methods that do not minimize (3.6), but still often render a lower probability of bit error than the method above. One such method was presented by F'redricsson in [4] . For the purpose of preserving the similarity to the expressions in the original reference, we present his result in the Fourier domain: where the zeroes coincide with the DIR position and k is chosen so that it coincides with the kth position of q. This ensures that the trivial, all zero, solution for pwLs is avoided and that the energy in HpwLs is concentrated to the DIR interval. Equation (3.13) can now be simplified to the form in which it was presented by Odling et al.
where bk is a vector with 1 in position k and zeroes elsewhere.
POS. k
A MINIMAX DESIGN
The criterion of (3.5) has the total energy of the weighted residual IS1 as one part. It can be discussed if also the distribution of the residual IS1 is of any importance for the probability of bit error of the resulting receiver. Here we investigate an approach that takes into account the maximum absolute value of the residual ISI, thereby shaping the distribution of the same. 
SIMULATIONS
To evaluate the performances of the CLvEs for the different prefilter and desired impulse response design methods described in section 3, we have simulated the block transmission system of section 2. We have used two GSM test channels of a least squares fit of the spectrum coefficients of q to the right hand side of (3.11). The DIR q were then calculated analytically from these coefficients. The RA channel has a smooth frequency response and is comparatively easy to match. The matching of q to the TU channel is more difficult due to the spectral dips of this channel (see Fig. 3 ). As a consequence, at high SNRs, the number of points used in the least squares fit might have to be adjusted in order to obtain real coefficients. Simulation results are shown in Fig. 4 The new method based on the minimax design was introduced as an attempt to shape the distribution of the residual IS1 in a fashion favourable to the VA. Being similar to the WLS method it gives a truncated version of the total system impulse response as a DIR to the VA, but instead of minimizing the criterion J ( p , q ) it suppresses the largest residual IS1 coefficient. The performance is almost up to par with the WLS receiver, which indicates a potential for the concept of shaping the residual ISI.
The hitherto discussed methods for CLVE design are derived for continuous transmission systems. However, many contemporary and future communication systems are of block transmission type, e.g. the cellular C L W design methods that take advantage of the structure of such systems. An increased understanding of the properties of block transmission systems could result in improved receivers with respect to bit error probability as well as reduced implementation complexity and c&t. In CLWs developed for block transmission systems this could be reflected by the time-invariant linear prefiltering being replaced by e.g. a general matrix multiplication, in order to utilize the "edge" effects at the block boundaries €or performance improvement. The noise correlation due to the prefilter p is another important issue in connection with CLVEs, cf. (161. This is recognized by F'redricsson and Beare, but not considered in the other described methods.
We regard the above issues as key components in the development of new CLVEs.
